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EXECUTIVE OVERVIEW 

 

 

This document compiles the analysis of benefits and co-benefits expected from the 

evaluation of the conditions of emission of the pollutants BC, PM2.5, SO2 and CO among 

different combustion systems applied in the national brick sector. 

 

The analysis of these benefits and co-benefits is based on an analysis of the 

environmental, social and economic conditions that can generate direct effects through 

the emission of these pollutants. In order to land this analysis to specific conditions of the 

brick sector, an example of possible application is chosen the case study of Los 

Mochuelos Mining Park, which given the availability of more information by the National 

Brick Inventory (CAEM, 2016), allows establishing possible results comparable to the 

conditions observed in the field for both environmental and economic indicators. 

 

The conditions determined in the case study may be reproducible to other places in 

Colombia, as long as disaggregated information on costs at the operational level is 

available from the entrepreneurs to allow this analysis to be developed in a specific way. 

 

The valuation of profits is presented taking into account the following analysis: 

 

Environmental benefits. 

o Reduction of inefficiencies due to resource consumption associated with 

the emission of atmospheric pollutants (especially BC and PM2.5) in the 

brick production life cycle. 

o Reduction of environmental loads associated with the immission of 

particulate matter (especially BC and PM2.5) and combustion gases. 

o Reduction in the change of the temperature of the atmosphere due to 

medium and long term accumulation effects (co-benefits determined 

through specialized tools such as LEAP-IBC). 

o Reduction of surplus in radioactive forcing due to medium and long term 

accumulation effects (co-benefits determined by means of specialized 

tools such as LEAP-IBC). 

 

Social benefits. 

o Reduction of vulnerable receptors directly exposed to BC and PM2.5, which 

can be assessed by modelling the pollutant dispersion behaviour. 
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o Reduction of social charges (in terms of morbidity and mortality) to the 

health system, which can be assessed by estimating the conditions of 

population groups in the vicinity of the point of issue. 

 

Economic benefits. 

 

o Reduction of production costs associated with lower fuel use through the 

acquisition of better inputs or implementation of better production 

practices that reduce reprocessing. 

o Reduction of environmental liabilities due to the use and demand of natural 

resources (co-benefits determined through specialized tools such as LEAP-

IBC. 

 

DETERMINATION OF BLACK CARBON REDUCTION BENEFITS  

 

The identification of the elements of environmental, social and economic assessment 

associated with the reduction of the emission of ultrafine particulate matter from the 

brick sector is based on the process analysis conditions determined in this type of 

production process. The BC emissions suggested by the specialized literature show that 

the analysis of direct benefits can be focused on the behavior of the activity conditions 

associated with the transformation process in the kiln (either by fuel consumption or by 

consumption of raw materials). 

 

 ENVIRONMENTAL BENEFITS 

 

The process conditions that are associated with the lower or higher emission of PM2.5 and 

BC particulate matter can be focused on the generation of particles by combustion in 

low efficiency systems, which leads to centralizing the behavior of emissions from the 

cooking process according to the amounts of fuel or raw material used in the production 

process. Ideally, the process of emitting atmospheric pollutants is optimized by 

centralizing the flow in the stack, which does not mean that there are no emissions in the 

kiln body depending on its configuration and design. 

 

In this order of ideas, for the evaluation of the conditions of mass emission of particulate 

matter, the emission factors determined by means of a direct measurement campaign 

with the Ratnoze team are taken as a reference for analysis. These factors are evaluated 

in the document "Determination of three (3) new emission factors that will serve as input 

for the LEAP-IBC tool" developed by CAEM (2020). Through this study, it is found that it is 

possible to determine a series of emission factors according to the characteristics of the 

furnace, either from a technological point of view (continuous, intermittent or artisanal 
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furnaces) or the characteristics of the fuel used (coal, biomass, natural gas). Table 1 shows 

the emission factors determined in this campaign on a national level.  

Table 1. BC Emission Factors at Standard conditions 

Type of technology 

 

CONTINUOUS INTERMITTENT ARTISANAL 

TUNN

EL 
HOFFMAN ZIGZAG 

WAGO

N 

CHAMBERS 

CONTINUOUS 

DOME 

KILN  
ARAB ARTISANAL 

Emission factors at STD conditions based on fuel  (g BC / kg fuel) 

COAL 0,175 0,176 0,273 --- 0,985 0,864 --- 0,049 

MIXED C/GN o C/B 0,017 0,571 --- --- --- --- --- --- 

BIOMASS --- 0,232 --- 0,005 ---  0,191 --- 

Emission factors at STD conditions based on energy (g BC / MJ fuel) 

COAL 0,006 0,006 0,010 --- 0,032 0,030 --- 0,002 

MIXED C/GN o C/B 0,001 0,021 --- --- --- --- --- --- 

BIOMASS --- 0,016 --- 0,0003 ---   0,015 --- 

Emission factors at STD conditions based on production (g BC / kg per brick ) 

COAL 0,011 0,005 0,009 --- 0,110 0,135 --- 0,004 

MIXED C/GN o C/B 0,0004 0,015 --- --- --- --- --- --- 

BIOMASS --- 0,014 --- 0,0009 ---   0,034 --- 

 

Based on this, production improvement scenarios are determined taking as a reference 

the baseline characteristics established according to the emissions inventory of the brick 

sector (CAEM, 2015). Two possible configurations of improvement can be proposed: 

 

1. Introduction of better energy use (either from the fuel or from the combustion 

system) 

2. Reduction of reprocessing of non-conforming product to be discarded (the need 

to require additional fuel to replace the lost batch of rejected material is 

determined as reprocessing). 
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The assessment of these two conditions is based on the following process approach:

 
In this order of ideas, taking into account the two production improvement scenarios, the 

behaviour of the BC, PM2.5 and SO2 emission rate is evaluated. Given the conditions of 

diversity of possible sources of PM2.5 emissions in the productive process of the brick 

industry (either by combustion of fossil fuels or biomass, as well as processes of dust re-

suspension by vehicle transit, use of machinery or emissions by wind action), it is important 

to relate the behaviour of PM2.5 emissions exclusively to solid fuel combustion by means 

of joint analysis with SO2 emissions, which are related to the sulphur content of fossil fuels 

themselves. 

 

Therefore, the environmental benefits depending on the emission behaviour can be 

taken from the point of view of reduction of the emission rates of criterion and short-lived 

climatic pollutants, as well as from the point of view of lower immission of these elements 

in the vicinity of the point sources, and as a collateral, on the possible exposure to sensitive 

receptors. Less exposure to receptors implies social benefits in terms of morbidity and 

mortality of the population surrounding the productive process (internal and/or external 

to the industry under evaluation). 

 

In order to evaluate at an exploratory level the behavior of the possible emissions of 

pollutants from point sources with respect to diverse meteorological conditions, a 

preliminary analysis of the immission conditions is made by means of a screening type 

model in order to evaluate the expected behavior of dispersion of a source of high 

productive and energetic efficiency with respect to an average condition of 

characteristic emission of a point fixed source of the brick sector (tunnel kiln), being these 
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data determined by means of the field survey developed in the National Brick Inventory 

(CAEM, 2016). 

 

Figure 1. Information entry platform for screening level modeling

 
Fuente: CAEM, 2020 

 

Table 2. Monitored brick kiln emission conditions 

Technology 

Emission PM  

Temp. 

Emission 

 

Temp. 

Ambient 
Diameter 

chimney 

Height 

chimney 
Stack vel 

(kg/h) (ºC) (ºC) (m) (m) (m/s) 

Tunnel 6,5 
94 

 

25 
0,5 15,0 6,0 

Fuente: CAEM, 2020 
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Figure 2. Conditions of immission in standard stability category A 

  
Speed wind: 1,0 m/s Speed wind: 1,5 m/s 

  
Speed wind: 2,0 m/s Speed wind: 2,5 m/s 

 
Speed wind: 3,0 m/s 

Fuente: CAEM, 2020 
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Figure 3. Immission conditions in stability class B 

  
Speed wind: 1,0 m/s Speed wind: 1,5 m/s 

  
Speed wind: 2,0 m/s Speed wind: 2,5 m/s 

 
Speed wind: 3,0 m/s 

Fuente: CAEM, 2020 
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Figure 4. Immission conditions in standard stability category C 

  
Speed wind: 1,0 m/s Speed wind: 2,0 m/s 

  
Speed wind: 3,0 m/s Speed wind: 4,0 m/s 

 
Speed wind: 5,0 m/s 

Fuente: CAEM, 2020 
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Figure 5. Immission conditions in standard stability category D 

  
Speed wind: 1,0 m/s Speed wind: 2,0 m/s 

  
Speed wind: 3,0 m/s Speed wind: 4,0 m/s 

 
Speed wind: 5,0 m/s 

Fuente: CAEM, 2020 
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Figure 6. Immission conditions in standard stability category E 

  
Speed wind: 1,0 m/s Speed wind: 2,0 m/s 

  
Speed wind: 3,0 m/s Speed wind: 4,0 m/s 

Fuente: CAEM, 2020 

 

According to the results of the screening model of an emission source considered highly 

productive, with an emission close to 2.0 g/s of particulate material, an average behavior 

close to 46.5 g/m3 would be expected at a maximum average distance of 362 meters 

from the emission source (excess condition in terms of health) and 10 g/m3 at a distance 

of 180 meters on average from the emission source (optimal condition in terms of health). 

This distance may be greater under conditions of atmospheric stability more 

unfavourable to dispersion processes (class E or class F). 

 

Lower emission rates than those estimated for particulate matter will indicate a smaller 

area affected by concentrations above 10 g/m3 (based on the annual limit for PM2.5 

recommended by the WHO), and thus lower exposure by sensitive receptors. Since the 

specific analysis of environmental benefits depends to a large extent on the specific 

characteristics that condition the dispersion behaviour in an assessed area (considering 

that the particulate emission problem can be analysed from a local point of view), a case 

study approach will be used to analyse the expected outcome of possible emission 

reduction benefits. 

 

The refined Gaussian model AERMOD is used to analyse this behaviour. The case study 

analysis is framed in the brick kiln stacks located in Los Mochuelos Mining Park in the south 

of the city of Bogotá, being a location with good availability of technical information 

(both at emission and immission level) to be able to execute the refined calculations 
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To assess the expected conditions of emission of BC and PM2. 5 associated with the 

consumption of coal by clayey firing kilns, the behaviour of particle emission is associated 

with the emission of SO2 determined in the emission factors presented in Table 1, the 

analysis thus being specific to kiln combustion sources, The data can be compared with 

the values recorded by the Mochuelo air quality station of the Corporación Autónoma 

Regional de Cundinamarca, which reports PM2 concentrations. 5 and SO2 at an annual 

level with 24-hour resolution 

Figure 7.  Behavior Air Quality Station PM2.5 locality of Mochuelo- Bogota D.C 

 
Fuente: CAEM, 2020 

 

 

 

 

 

 

 

Figure 8. Behavior Air Quality Station SO2 locality of Mochuelo- Bogota D.C 

 
Fuente: CAEM, 2020 
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According to the emission factors determined by the Ratnoze2 device, the overall 

average behavior suggests a 1:1.60 ratio between PM2.5 and SO2, while the ground-level 

immission data reported by the Mochuelo air quality station suggests values with a 1:1.62 

ratio, so it can be considered as a proxy that the expected behavior may be consistent 

with that measured in the field. 

 

The dispersion model takes the following assumptions, given the availability of information 

from the issuing sources within Los Mochuelos Mining Park. 

 

- According to the information survey of the National Brick Inventory (2016), in the 

sector of Los Mochuelos Mining Park is found that 68% of the operating furnaces 

are of the Hoffman type, 18% tunnel furnaces and 16% beehive furnaces. To 

simplify the development of the estimates, the model is conceptualized by 

generalizing a BC, PM2.5 and SO2 emission factor for Hoffman-type kilns. 

- A common chimney height, chimney diameter, flue temperature and flue gas 

velocity are used, taking into account availability of information for all existing 

chimneys. Structural flushing conditions are not taken into account, given the 

availability of information 

- According to the analyses of fuels that have been able to be established in terms 

of calorific value and sulphur content, the widespread use of coal with an average 

calorific value of 30 MJ/kg and 0.14 % dry base sulphur is assumed 

- According to the National Brick Inventory (CAEM, 2016), an average consumption 

of 155 Ton/month of coal is estimated, which is equivalent to an energy 

requirement of 4.7x106 MJ/month, for an average production of 3,400 Ton/month 

of ceramic material produced (without discounting defective material that is not 

sold). 

- It is estimated 24 hours / 7 days a week furnace operation. 

- 2018 is used as the year of analysis, this being the period with the best consistency 

of meteorological data available for calculating the dispersion of contaminants. 

Meteorological information from the WRF-MMIF 3.4 model and terrain elevation 

conditions from the ALOS JAXA PALSAR model with 12.5-meter resolution are used. 

- The evaluation of the scenarios for the analysis of environmental benefits is taken 

as follows: 

 

o E1 → E2: The conditions for the use of energy resulting from the combustion 

process are improved, reducing fuel consumption. 

o E1 → E3: The operating conditions of the production process are improved, 

reducing possible reprocessing due to recovery of sales inventories. 
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o E1 represents the current emission status on the basis of an energy-based 

(MJ/kg fuel) or an operational-based (MJ/kg brick) emission factor). 

 

In accordance with the above conditions, future scenarios are determined according to 

the following approach: 

 

- The potential for energy improvement that the market can provide is determined 

based on the characterisation of the average calorific value of coal used by the 

industry, in addition to the standard deviation of the sample evaluated. The data 

collected suggest a potential to increase the calorific value by 6.9 MJ/kg of coal, 

which would be equivalent to using coal with a calorific value of 37.2 MJ/kg. The 

use of such a coal (or an equivalent energy recovery system) suggests a reduction 

of 29 tonnes/month of fuel (18.5% reduction per month from the baseline). 

- On the same basis as the analysis of the previous improvement scenario, a 

possibility of reducing by 20% the reprocessing of material lost that cannot be used 

in the plants' sales inventories is determined, generating an operating policy of 

maximum use of the material extracted and subsequently cooked inside the kiln. 

This reduction will mean a lower gross amount of fuel used, with a lower rate of 

emission of pollutants into the atmosphere. 

Based on the above information, the results are presented in Table 2. The behavior of 

emission rates with respect to immission levels suggests that the rate of change between 

one scenario and another is directly proportional (a reduction of 18.5% in PM2.5 emissions 

shows a reduction of 18.6% in the concentration levels of particulate matter contributed 

by ). 

 

Table 3. Monitored brick kiln emission conditions 

Scenario 

Reduction 

Emission PM2.5  
Reduction inmision PM2.5  Reduction inmision SO2  

(%) 24 Hours (%) Annual (%) 24 Hours (%) Annual (%) 

E1 → E2 18,5 18,6 18,6 18,9 18,9 

E1 → E3 16,7 23,1 23,1 23,1 23,1 

Fuente: CAEM, 2020 

 

The ratio PM2.5 - SO2 estimated at immission level shows a behavior 1:1.95 at daily level 

and 1:1.68 at annual exposure level, being this last condition the one that would be closer 

to a typical behavior according to what is observed in Figure 7 and Figure 8, being also 

close to the conditions indicated by the air quality station Mochuelo. 
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Figure 9. Behavior PM2.5 24 hourss (percentil 98) 

 

Actual 

Scenario 

 

 Future 

Scenario 

Fuente: CAEM, 2020 
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Figure 10. Behavior PM2.5 Annual average  

 

Actual  

scenario  

 

Future 

scenario 

Fuente: CAEM, 2020 

 

Figure 11. Behavior SO2 24 hours(percentil 98) 
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actual 

scenario  

 

Future 

scenario  

Fuente: CAEM, 2020 
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Figure 12. Behavior SO2 Annual average 

 

Actual 

scenario  

 

Future 

scenario  

Fuente: CAEM, 2020 
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Finally, the behaviour of the areas with the greatest exposure to excess concentrations 

for health, both for PM2.5 and SO2, shows in both cases a reduction of around 50% and 

65% due to the implementation of measures for better energy use and reduction of 

reprocessing, respectively, thus reducing excess conditions that can generate cases of 

morbidity and/or mortality in the medium and long term, both for inhabitants living near 

the brick plants (as is the case of the inhabitants of the Mochuelo Bajo district), and for 

workers within the plants. The above analysis may suggest, in terms of environmental 

benefits, the possibility of a reduction in average concentrations of exposure at ground 

level proportional to the level of pollutant reduction at the chimney outlet of a kiln. 

 

In the event that the area exposed by excess concentrations of pollutants could be given 

an equivalence, idealizing the geometric conditions of dispersion around the point of 

emission, a reduction of 50 meters in the radius of affectation by concentrations above 

the standard suggested by the WHO for PM2 can be estimated. 5 and SO2 for every 20% 

reduction in emissions of particles from the chimney, so that this value can be an indicator 

for determining possible social benefits in terms of the number of people directly exposed 

to an emitting source with the characteristics evaluated in this case study. 

 

SOCIAL BENEFITS  

 

The case study of Los Mochuelos Mining Park suggests the following results for each of the 

scenarios evaluated. 

 

 Reduction in the concentration of PM2.5 and SO2 due to better energy use: a 

reduction in the radius of direct effect due to the contribution of pollutants to the 

vicinity of each emitting source evaluated (although as a whole), implying a lower 

rate of exposure to sensitive receptors and therefore a reduction in the risk of 

morbidity/mortality due to contributions generated from a neighbouring brick 

plant (this does not imply that the habitat conditions of these receptors could not 

generate a risk of disease or death due to poor air quality). 

 

 Reduction of PM2.5 and SO2 concentration by better use of raw materials. 

 

For the case evaluated, an average reduction of 60% is expected in the area with 

possible exceedance of national recommended limits for ultrafine particles and gases 

with respect to values suggested by the World Health Organization (WHO, 2015), being a 

more restrictive condition compared to the permissible limits indicated by Resolution 2254 

of 2017 MADS. 
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Taking into account the areas where CAEM has taken measurements of black carbon at 

the Colombian level, it is estimated that there is a population density of 300 family units in 

urban areas compared to a population density of 30 family units in rural areas, for a 

possible direct exposure radius of 200 meters from the source. A reduction of 50 meters 

associated with a 20% reduction in BC, PM2.5 and SO2 emissions would indicate a 

reduction due to direct exposure. 

 

In terms of exposure, there is a 44% reduction of households exposed to excess 

concentrations (about 130 fewer households in urban areas and 13 fewer in rural areas). 

Taking into account the data reported by DANE for the 2018 national census, on average 

a family unit is made up of 3 people, which would indicate a reduction of 390 people in 

urban areas and 39 people in rural areas exposed to excess levels of PM2.5 and SO2 due 

to the contribution of emissions from chimneys. 

 

According to data from the 2018 DANE census, in terms of age groups, there is a 

population distribution for 2018 where 22.1% corresponds to individuals between 0 - 14 

years old, 64.1% to individuals between 15 - 59 years old and 13.8% to individuals 60 years 

old and over. The population groups 0 - 14 years old and 60 or more can be considered 

at greater risk of suffering diseases or suffering death events associated with poor air 

quality conditions. 

 

Figure 13. Age group distribution in Colombia - Population Census 2018

 
Fuente: DANE, 2018 

 

According to the National Institute of Health (2019), air pollution represents the main 

environmental risk factor, with health outcomonth related to morbidity and mortality of 

the exposed population. 

 

Figure 14. Historical pollutant emission behaviour 
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Fuente: INS, 2019 

 

In this regard, INS reports that the risk factor for Ischemic Heart Disease (IHD) from 

attributable outdoor PM2.5 exposure is 15.8%, while the risk factor for Chronic Obstructive 

Pulmonary Disease (COPD) from attributable outdoor PM2.5 exposure is 17.5%. Acute Low 

Respiratory Infection (ARI) is associated with a risk factor of 13.7%, while Cardiovascular 

Disease (CVD) has an attributable rate of 12.5%. Lung Cancer (LC) has an attributable 

rate of 2.6%. Finally, events associated with cataracts were associated with a risk factor 

of 10.2%. 

 

Taking as an assumption for this analysis the low probability that an individual will develop 

more than one risk factor, a risk of 17% maximum of possibility of presenting a disease is 

taken as a basis. This would correspond to one in three people in a household within the 

exposure radius having a 50% chance of suffering a disabling disease associated with 

poor air quality contributed by activities in a brick plant neighboring that household. This 

estimate is also in line with the distribution by age, where the costs of care can be 

associated with the care of cases of morbidity / mortality suffered by that inhabitant 

 

According to Bernal-Aguirre & Carvajal (2017), for a rural area of Colombia, the cost of 

3-day care of a patient with Acute Respiratory Infection is on average COP$759,440, 

taking into account 15% emergency department care, 81% outpatient care and 3% 

inpatient care. 

 

On the other hand, according to Alvis-Guzmán & Carrasquilla-Sotomayor (2015), the cost 

in urban areas, the attention of Severe Acute Respiratory Infection has an average cost 
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of COP$5,147,800 for pediatric patients, COP$6,429,150 for pregnant women and 

COP$14,803,350 for older adults, with an average attention in health center of 8 days. 

 

These values do not take into account costs for disability and insurance, this value being 

constant over time as long as an individual can treat his illness, and also attend to their 

basic needs associated with the level of quality of life in accordance with their purchasing 

power. This suggests that a 20% reduction in PM2.5 emissions associated with low 

efficiency processes in a brick kiln can bring social benefits in terms of reduced costs of 

disease care either by disability of workers or by affecting sensitive receptors around the 

production process. 

 

The above also suggests the importance of including the analysis of environmental 

conditions within land management plans, in order to reduce the social costs associated 

with air pollution, especially for vulnerable populations, which are prevalent in the vicinity 

of industrial environments such as the one evaluated in this case study. The social benefits 

associated with the improvement of land planning conditions can also take into account 

environmental characteristics such as welfare advantages at landscape level due to less 

use of land areas for mineral extraction (a study conducted by the Universidad 

Pedagógica y Tecnológica de Colombia in 2015 in the Sogamoso valley for landscape 

recovery, suggests a cost of COP$3. 784,762,000 for the recovery of 5.3 hectares of area 

affected by the pottery industry, these costs being avoidable by developing a program 

of best practices to reduce reprocessing within a productive process). 

 

ECONOMIC BENEFITS 

 

The economic benefits associated with better production practices in the brick sector 

can be determined in a general way taking into account the following conceptual 

approach. 
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In this way, savings can be calculated in terms of excessive fuel consumption, due to the 

low recovery capacity of the energy generated. 

 

𝐶𝐴 = [𝐶𝑐 − 𝑃𝑐]1 − [𝐶𝑐 − 𝑃𝑐]2 

Where: 

 

CA:  Savings from reduced inefficiencies in coal consumption (COP$/month). 

CC:  Monthly coal consumption (Ton/month). 

PC: Purchase price of coal (COP$/Ton). 

1:  Current scenario before intervention. 

2: Improved post-intervention scenario. 

 

The improved scenario for the case of fuel consumption is determined as the equivalent 

state of current energy consumption required by the cooking system in terms of less fuel. 

The following analysis is presented based on data reported in the Los Mochuelos Mining 

Park case study. 

 

According to the inventory of production plants, the average nominal consumption of 

coal in a Hoffman type kiln is around 155 tons/month to guarantee an average 

production of 3,400 tons/month of clayey material. In this sense, coal has an average 

calorific value of 30.3 MJ/kg on a dry basis and has the possibility, according to statistical 

data from different producers, of being acquired with a calorific value of up to 37.2 MJ/kg 

on a dry basis (the lowest possible humidity must be guaranteed). 
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Taking into account the initial condition of a plant, with a calorific value of 30.3 MJ/kg, 

the energy requirement of the process is 4.7x106 MJ/month. Incorporating a fuel with a 

calorific value of 37.2 MJ/kg to guarantee the energy requirement of the furnace means 

entering an amount of 126.3 tons/month of fuel (18.5% less fuel than in the initial 

condition). Based on a coal sales price of COP$200,000/Ton, this implies a saving of close 

to $7,190,000/month compared to a cost in the current scenario of $32,440,000/month. 

 

In terms of reprocessing costs, the savings are calculated in terms of the percentage of 

raw material that must be additionally collected to guarantee the amount of inventories 

for sale (based on the clay material that cannot be reprocessed due to changes in its 

physicochemical characteristics). In this case, 20% of the raw material is taken as 

reference, which is lost during unit processes before and/or after the firing process (the 

latter being the most expensive due to the requirement of greater amounts of fuel to 

recover production). Likewise, the selling price of a productive unit (4 kg block with a 

value of COP$200/unit) is taken as a monetary reference, taking into account that this 

unit theoretically contains the costs required for processing, together with the additional 

value that allows the company to be above its financial break-even point. 

 

In this sense, a 20% reduction due to reprocessing would mean a saving of around 

COP$1,439,000/month, which can be represented in the plant's energy acquisition costs. 

This method of costing also suggests that it is possible to reduce operating costs by 

optimally reducing the amount of raw material entering the plant. In this sense, it is viable 

to develop innovation programs that allow the creation of lighter units produced with 

equal or greater structural resistance capacity required by the client (for example, for 

specialized architectural or structural uses). 

 

It is important to take into account the specific cost characteristics of each producer, 

being this particular element in terms of competitiveness in terms of market sales price, 

taking into account that each unit produced and sold has added the profit margin value 

that the producer expects to have in order to overcome the break-even point. 

 

On the other hand, in terms of the economic co-benefits associated with operating 

expenses, the Behavior of the UCA (Air Pollution Unit) can be taken into account, which 

determines the number of timonth a parameter must be measured within the productive 

process. A lower UCA value will suggest a lower annual expenditure on emission 

monitoring analysis required by the environmental authority, and this value will be useful 

for other investments within the production process. 
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BLACK CARBON REDUCTION BENEFIT AND CO-BENEFIT COMPARISON MATRIX 

 

According to the analysis and review of data, having the temporal and spatial scope of the conditions evaluated for the 

brick sector, a series of direct and indirect benefits associated with the reduction of black carbon emitted by the brick 

industry can be established, among which are: 

 

- Environmental benefits. 

o Reduction of inefficiencies due to resource consumption associated with the emission of atmospheric 

pollutants in the brick production life cycle. 

o Reduction of environmental loads associated with the immission of particulate material and combustion 

gases. 

o Reduction in the change in temperature of the atmosphere due to accumulation effects in the medium and 

long term. 

o Reduction of surplus in radioactive forcing due to medium and long term accumulation effects 

- Social benefits. 

o Reduction of directly exposed vulnerable receptors. 

o Reduction of social burdens (in terms of morbidity and mortality) on the health system. 

- Economic benefits. 

o Reduction of production costs. 

o Reduction of environmental liabilities due to the use and demand of natural resources. 

 

These parameters can be evaluated by means of an analysis matrix such as the one presented in Table 4. Although initially, 

a quantitative analysis of the possible reduced emissions against a desired scenario would be expected, it is important to 

indicate the social elements in terms of possible externalities internalized by the operation of the plant, as well as the savings 

from lower consumption of resources such as energy (either as fuel or electricity) or reprocessed raw materials. 
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On the other hand, the incorporation of social and economic elements of pollution reduction would allow the incorporation 

of policies of Sustainable Development Objectives within the mission of the organization, being more organic the 

implementation of best practices within the organization. 

 

Table 4. Benefits Evaluation Matrix 

 

Benefits Evaluation Matrix 

Environmental Social Economic 

Emissions 

BC 

(Ton/month) 

Emissions 

PM2.5 

(Ton/month) 

Emissions 

SO2 

(Ton/month) 

Estimated 

cases of 

risk 

factors 

within the 

plant's 

area of 

influence 

(people) 

Estimated 

case 

management 

costs 

(COP$/month) 

Fuel 

consumption 

(Ton/month) 

Fuel 

consumption 

costs 

(COP$/month) 

Amount of 

material 

reprocessed 

due to 

inefficiencies 

(Ton/month) 

Costs for 

reprocessing 

materials to 

supply 

inventories 

(COP$/month) 

Actual 

condition 
      

   

 Ton/month COP$/month COP$/month 

Future 

scenario 
      

   

 Ton/month COP$/month COP$/month 

Estimated 

reductions 

(%) 

    Savings COP$/month 

Notes on the 

quantification 

process 
 

Fuente: CAEM, 2020 
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INTERVENTION FACTSHEETS 

 

Based on the use of the Prospective Planning methodology of the brick sector, the 

following structural relationship was found between actors that can drive a reduction in 

BC and PM2.5 emissions. 

Table 5. Structural relationship 

ACTOR OF 

CHANGE  

FACTOR OF 

CHANGE 
KEY FACTOR 

Local and 

national 

government 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced (improved financial information) 

Technological conversion and application of good production 

practices 

Legislation 

perspectives / OT 

Formalisation of the market to ensure fair competition between 

players in the brick sector 

Strictness of public 

health policy 

Knowledge Management System (Know How + R&D System) 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Financial capacity to implement technological changes in the 

brick sector 

NGO / 

Associations / 

Academy 

 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Adoption of 

production 

efficiency 

standards (energy 

efficiency and 

technology 

conversion) 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Financial capacity to implement technological changes in the 

brick sector 

Improving the relationship between technology and raw 

material suppliers 

Improves labor capacity to reduce production errors and waste 

flows 

Clients 

/customers 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 
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Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Improving the relationship between technology and raw 

material suppliers 

Market growth 

prospects for the 

construction 

sector 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Improving the relationship between technology and raw 

material suppliers 

Suppliers Raw 

Material 

 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Adoption of 

production 

efficiency 

standards (energy 

efficiency and 

technology 

conversion) 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Financial capacity to implement technological changes in the 

brick sector 

Improving the relationship between technology and raw 

material suppliers 

Improves labor capacity to reduce production errors and waste 

flows 

Fuente: CAEM, 2020 

 

Based on these elements, the following action sheets are established for the key factors 

that can be promoted, so that concerted actions can be defined with results towards 

the reduction of productive inefficiencies associated with the excessive generation of 

emissions into the atmosphere. 

 

The premise for the development of these action conditions is based on the way in 

which the inefficiency of the process generates the emission of BC and PM2.5 within the 
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productive process, centralized in the emission in the unitary cooking process, either by 

the use of fuels, energy exploitation capacities, conditions that increase the greater use 

of raw materials or product waste that does not comply with quality conditions 

(reprocessing), exogenous conditions that generate problems in the productive process 

(such as production below the company's break-even point, reducing investment 

margins for process improvement. 

 

Table 6. Short term management sheet Knowledge Management System 
Measure  Knowledge Management System (Know How + Sistema de I+D+i) 

Objective 
Implement a knowledge management system model (Know How + R+D+i system) in 

the short term through a pilot plan to promote the transfer of knowledge in 

technologies that reduce pollution levels in the brick sector. 

Activities 

1. Develop a baseline of operational practices in the brick sector in the current 

scenario. 

2. To train the brick sector in planning and operational control through 

innovation management systems that allow for identifying opportunities, creating 

concepts, validating them and developing solutions. 

3. To generate a database of own developments in good operational practices by 

the brick sector that can be replicated throughout the sector, taking into account 

public documentation from environmental authorities and support organizations. 

4. Organise a pilot plan with at least 3 companies in the sector that will allow 

monitoring and verification of the implementation of solutions generated through the 

innovation system, taking into account environmental, social and economic 

indicators. 

5. Determine the number of companies to scale up the pilot plan according to 

the initial results. 

Actor of change  
Local and national government/NGOs/Associations/Academia/Brick 

sectors/Suppliers 

Goal  

Implementation of solutions generated through a pilot plan of the knowledge 

generation system with effective participation of at least 3 companies in the brick 

sector 

Indicator 

-  Number of solutions implemented per participating company. 

-  % reduction of PM2.5 and BC per solution implementation. 

-  % of increase in production per solution implementation. 

Time of  

execution 
1 year  

Expected results 15% reduction of emissions by solutions implemented in the participating companies 

Fuente: CAEM, 2020 

 

Tabla 7. Ficha de manejo largo plazo Sistema de Gestión de Conocimiento 
Measure  Knowledge management system (Know How + R+D+i system) 

Objective 
Develop a program of decentralized knowledge management at the sectorial level 

based on the standard ISO 56002:2019 - Innovation Management System, to improve 

production practices under a premise of reducing pollution in the brick sector. 

Activities 

1. Determine the scope of the sectoral knowledge management system so that it does 

not interfere with the corporate secrecy of the participants. 

2. Establishing the elements of culture, commitment and collaboration required 

to guarantee the operation of the knowledge management system. 
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3. Establishing responsibilities between private and public actors, in order to 

define working policies between actors. 

4. Establish innovation objectives and plan achievements with environmental, 

social and economic focus. 

5. Planning portfolios of possible solutions to be implemented in the brick sector 

companies. 

6. Define the resources required for the implementation of the portfolio of 

actions, in terms of personnel, time, knowledge, finance and infrastructure. 

7. Communication of commitments, activities and results achieved by the 

participating companies. 

8. Documentation and feedback to stakeholders 

Actor of change  
Local and national government/NGOs/Associations/Academia/Brick sector 

/Suppliers 

Goal  

To implement a system of knowledge and innovation management that allows the 

development of production improvement in 50% of the sector's entrepreneurs with a 

focus on reducing environmental, economic and social impacts for the brickmaker 

entrepreneur 

Indicator 

- Number of solutions developed within the portfolio. 

- % of reduction of PM2.5 and BC by solution implementation. 

- Increase in production per implementation of solutions. 

Time of  

execution 
3 years 

Expected results 15% reduction in emissions from solutions implemented in the brick sector 

Fuente: CAEM, 2020 

 

 

 

 

Table 8. Management card quantification of production costs in terms of pollution 
Measure  Quantification and disaggregation of actual production costs according to pollution 

Objective 
To determine the inefficiencies associated with the generation of pollutants in the 

production process of companies in the brick sector by means of financial indicators 

for improving the environmental, social and economic impact of the sector. 

Activities 

1. Identification of inefficiencies (emissions, waste, reprocessing, loss of raw materials) 

in the production process. 

2. Training for entrepreneurs in the quantification of costs per unit process and 

the establishment of financial indicators on productive inefficiencies. 

3. Implementation of activities that improve financial indicators per unit 

process, reducing identified inefficiencies and increasing production margins. 

4. Documentation and feedback to stakeholders 

Actor of change  Associations/Academy/Brickmakers/Suppliers 

Goal  

Implementation of a dashboard of indicators for 70% of the participating 

companies that will make it possible to determine the costs of inefficiencies (and, 

therefore, externalities in terms of pollution), which will encourage changes in the 

behaviour of BC and PM2.5 generation in the brick sector. 

Indicator 
- of companies that develop financial scorecards associated with the level of 

pollution from production inefficiencies. 
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- Number of companies that publicly report environmental financial indicators in 

terms of competitiveness. 

Time of  execution 1 year  

Expected results 20% reduction in BC and PM2.5 emissions 

Fuente: CAEM, 2020 

 

Tabla 9. Best Practice Conversion Management Card  
Measure  Technological conversion and application of good production practices 

Objective 
Implement the technological conversion based on information of best available and 

verified practices, which allows a better use of energy in the production process 

and/or reduces inefficiencies in the production life cycle. 

Activities 

1. Train the entrepreneur in the use of the existing database of good operational 

and/or technological practices in the brick sector that allow the reduction of BC and 

PM2.5 emission pollution. 

2. To develop a month of work through a support actor for the businessman that 

allows to evaluate before implementation the advantages and requirements of 

implementing a new technology or best available practice. 

3.Generate an action plan for implementation and follow-up of the productive 

improvement included in the entrepreneur's process, in order to reduce risks due to 

implementation failure. 

4. Documentation and feedback to stakeholders. 

Actor of change  Local and national government/NGOs/Associations/Academia/Brick sector Suppliers 

Goal  
Participation of 70% of the entrepreneurs formalized at the national level in the 

implementation of best practices and/or technological conversion 

Indicator 

- Number of entrepreneurs trained in technological conversion and application of 

good production practices. 

- % of implementation of good production practices. 

Time of  

execution 
3 years 

Expected results 15% reduction in BC and PM2.5 pollution in the formalised brick sector. 

Fuente: CAEM, 2020 

 

Table 10. Management card for the design of green standards 

Measure  
Diseño de estándares verdes voluntarios del sector ladrillero (GEI y BC) como ventaja 

competitiva comercial 

Objective 

To define the differentiation characteristics of the formalised brick sector through the 

inclusion of market instruments that are in line with the responsibility needs of clients 

and consumers, with respect to sustainable practices and the reduction of 

environmental impacts 

Activities 

- Training on green business, advantages and requirements for the development of a 

sustainable production standard in the brick sector. 

- Development of months of work and consultation with clients in the brick sector 

regarding environmental responsibility requirements of the products consumed. 

- Standardisation of material and financial indicators to guarantee the viability of a 

sustainable product in accordance with the client's needs. 

- Documentation and feedback to interested parties. 

Actor of change  
Local and national government/NGOs/Associations/Academia/Brick 

sector/Suppliers 
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Goal  
Application of agreed green standards in 5% of the brick sector for the purpose of 

validating the development of commercial competitive advantages. 

Indicator 

- % of implementation of agreed green standards in companies in the brick 

sector. 

 of increase in sales after implementation of green standards. 

-  Increase in new clients after implementation of green standards 

Time of  

execution 
1 year 

Expected results 
5% reduction of BC and PM2.5 

10% increase in sales of companies that implement green standards. 

Fuente: CAEM, 2020 

 

 

 

 

Table 11. Management card for trade capacity building and marketing 
Measure  Development of a line of action to strengthen trade and marketing capacities 

Objective 

To strengthen the commercial and marketing capacities of the brick sector 

entrepreneurs with respect to products and services developed by each 

entrepreneur in order to reduce financial gaps that promote the excessive 

generation of pollutants within the productive process. 

Activities 

1. Months of work to define and document the deficiencies and barriers to 

trade and marketing capacities of artisanal entrepreneurs and small 

producers. 

2. Training of entrepreneurs in best business practices with respect to differential 

elements of the entrepreneur's product and/or service with potential end 

customers. 

3. Training of entrepreneurs in best marketing practices and development of 

lines of relationship/communication with final customers. 

Actor of change  Associations/Academy/Brick sector /Suppliers 

Goal  

To train 80% of the artisan producers and small entrepreneurs in commercial and 

marketing strategies, which allow to reduce financial gaps associated to air 

pollution within the productive process (improvement of the balance point of the 

operation that allows cash flow to reduce polluting and/or inefficient processes). 

Indicator 
- Participation of artisan and small business owners in training for commercial 

strengthening and marketing. 

Time of  execution 6 months 

Expected results 5% reduction of BC and PM2.5 emissions5. 

Fuente: CAEM, 2020 

 

Table 12. Management card for leverage with the financial sector 
Measure  Financial capacity to implement technological changes in the brick sector 

Objective 
Reducing financial barriers with the banking industry to catalyze the implementation 

of technological changes through viable financial instruments for stakeholders. 

Activities 

1.Development of months of work between stakeholders with representatives 

of the financial sector in order to highlight needs and requirements within the 

brick sector. 
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2. To develop a personalised approach between banks and interested 

entrepreneurs, which will allow the generation of financial guarantees by 

means of environmental and economic indicators. 

Actor of change  Local and national government/NGOs/Associations/Brick sector  

Goal  

Implement technological changes in 20% of interested entrepreneurs by leveraging 

banking through concerted financial instruments on a basis of reducing pollution 

and improving operational capabilities. 

Indicator 

- of entrepreneurs accessing credits with green incentives 

- of entrepreneurs who achieve the implementation of technological 

changes leveraged by concerted financial instruments. 

Time of  execution 2 years  

Expected results 
15% reduction in BC and PM2.5 emissions 

20% of technological conversion projects leveraged by financial instruments. 

Fuente: CAEM, 2020 

 

Table 13. Management card for the development of guarantor suppliers 
Measure  Improving the relationship between technology and raw material suppliers 

Objective 
Generate a directory of suppliers that allows us to guarantee competitive production 

processes with low environmental impact, ensuring the characteristics of inputs and 

raw materials. 

Activities 

1. Define the current gaps and limitations between entrepreneurs and potential 

suppliers. 

2. Agree on minimum viable requirements of inputs and raw materials required 

within the productive process that will allow the reduction of air pollutant 

emissions and operational inefficiencies. 

3. Convene a month of work with potential suppliers, which allows to guarantee 

raw materials and inputs with the minimum viable requirements. 

4. Build a directory of suppliers that guarantee raw materials and inputs with the 

minimum viable requirements. 

Actor of change  Associations/Academy/Brickmakers/Suppliers 

Goal  

Increase of 30% of months of negotiation by means of a directory of suppliers that 

guarantees the acquisition of raw materials and minimum viable optimal inputs to 

reduce inefficiencies within the productive process of the businessman of the brick 

secto 

Indicator - % of months of negotiation between suppliers and businessmen 

Time of  execution 1 year  

Expected results 20% reduction of  BC y PM2.5 

Fuente: CAEM, 2020 

 

Table 14. Management card for the improvement of the workforce 
Measure  Improved manpower capacity to reduce production errors and waste flows 

Objective 
To strengthen the skills, abilities and knowledge of the workforce within the production 

process in order to improve the practices that generate waste flows in the production 

process 

Activities 

1. Working groups with employers to define and document shortcomings in the 

implementation of best practices from the point of view of the workforce. 

2. Development of a training program with minimum elements to demonstrate 

that the workforce has the knowledge, skills and abilities to ensure an efficient 

and viable process. 
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Actor of change  Associations/Academy/Bricker Sector 

Goal  
Compliance with the training program by 80% of the labor force of formalized 

companies in the brick sector. 

Indicator - % compliance with the training programme. 

Time of  execution 1 year. 

Expected results 15% reduction of  BC y PM2.5. 

Fuente: CAEM, 2020 
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